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Abstract. The results of testing motor and transmission oils for thermal-oxidative stability, 
including optical density and coefficient of thermal-oxidative stability, are presented. 
According to the results of the study, the temperature range of application of the oils was 
determined. The method of testing engine and transmission oils with cyclic temperature 
changes is presented, which allows comparing oils of the same purpose by the number of 
cycles of raising and lowering the test temperature, as well as identifying them for compliance 
with the classification according to performance properties groups. 
1. Introduction 
Thermal-oxidative stability is a performance indicator of motor oils, since the products formed during 
oxidation affect the corrosion, anti-wear and viscosity properties. Researchers pay much attention to 
this indicator. 
The oxidation resistance of lubricating oils is enhanced by doping them with antioxidant additives. 
However, the activity of additives during long-term operation of internal combustion engines falls, so 
it is important to have instrumentation to assess the current value of the thermal-oxidative stability of 
oils over the entire period of use. 
In qualification tests, four methods are used to determine the thermal-oxidative stability on the 
device DK -2 NAMI, gear installation, on the induction period of precipitation [1] and the method 
Papok [2]. Thermal-oxidative stability is assessed by viscosity change, sediment content, deposits on 
the details of the test facility. However, all the parameters of oxidation depend on the test temperature, 
therefore, a number of researchers have studied the dependence of oxidative processes on the test 
temperature [3-9]. 
Analysis of methods and means of controlling the thermal-oxidative stability of lubricants showed 
that to obtain complete information on the oxidation mechanism, it is necessary to apply an integrated 
approach that takes into account changes in temperature and test time, as well as the composition of 
products formed during oxidation, which will establish the temperature range of efficiency and process 
evaluation criteria oxidation. 
 
2. Method and results of research 
The purpose of this research is to determine the temperature range of application of lubricants and 
their comparison by resistance to oxidation. 
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Mobil Super 3000 5W-40 SJ / SL / CF, Chevron Supreme 10W-40 SJ / CF, Bizol 0W-40 SJ / CF 
synthetic oil and transmission mineral oils Bizol 80W-90 GL-4 and synthetic Bizol Hypoid 75W-90 
GL-4, GL-5 are selected for the study. The study method of thermo-oxidative stability was used. A 
distinctive feature of the technique is the testing of motor oils with cyclical changes in the test 
temperature, which allows them to be compared in terms of the number of endured cycles [10-12]. 
The research method involved the use of the following means of testing and control: a device for 
temperature control of oils, a photometer for direct photometry of oxidized oils with a thickness of a 
photometric layer of 2 mm and electronic scales. The technical characteristics of the devices are given 
in the monographs [13-15]. 
Motor oils were tested in the temperature range from 150 to 180 °С and from 180 to 150 °С 
through 10 °С, transmission oils were tested in the temperature range from 120 to 150 °С and from 
150 to 120 °С. The first range is called the temperature increase cycle of the test, and the second - the 
temperature decrease cycle. The test time at each selected temperature was 8 hours. After each test, 
weighed and a sample of oxidized oil was taken to determine the optical density and absorption 
coefficient of the light flux. 
Figure 1 shows the dependences of the absorption coefficient of the light flux on the test 
temperature in cycles of its increase from 150 to 180 C and lowering cycles from 180 to 150 C. 
Mobil Super Syn 0W-40 SJ / SL / CF oil (figure 1 (a) withstood two cycles of temperature increase 
from 150 to 180 C and two cycles of temperature decrease from 180 to 150 C for a total of 112 
hours. It is established that in the first cycle of the temperature increase cycle of the test, the oil 
provides the greatest resistance to oxidation. In the fourth cycle of lowering the test temperature, auto-
oxidation was detected, at which a more intensive increase in the coefficient Ka was observed than in 
the third cycle of temperature increase. On the basis of the data obtained, the temperature of 180 C 
for the studied oil is high and it cannot belong to the SJ / SL performance properties group. 
 
Figure 1. The dependence of the absorption coefficient of the light flux on temperature 
tests with cyclic change from 150 to 180 C of synthetic motor oils: a - Mobil Super Syn 
0W-40 SJ/SL/CF; b - Mobil Super 3000 5W-40 SJ/SL/CF (odd numbers - temperature 
increase cycles; even numbers - temperature decrease cycles). 
The temperature range of application of this oil is determined from 140 to 170 C, and 170 C is 
the limiting temperature. 
Mobil Super 3000 5W-40 SJ / SL / CF synthetic oil withstood three cycles of increasing the test 
temperature and two lowering cycles, for a total of 128 hours. It has been established that at 180 C 
the oxidation rate for this oil is high, therefore the temperature range of its application is in the range 
from 150 to 170 C. 
When studying these oils, the absorption coefficient of the luminous flux was used as an indicator 
for evaluating the oxidation processes. Consider the option of using as indicators for assessing the 
MIP
IOP Conf. Series: Materials Science and Engineering 537 (2019) 062074
IOP Publishing
doi:10.1088/1757-899X/537/6/062074
3
processes occurring in motor oils with cyclical temperature changes of the test using optical density D 
and the Ptos thermal-oxidative stability coefficient, which takes into account oxidation and 
evaporation. 
Figure 2 shows the dependences of optical density (a) and thermal-oxidative stability coefficient 
(b) on the temperature test of Chevron Supreme 10W-40 SJ / CF partially synthetic engine oil in the 
temperature range from 150 to 180 C and from 180 to 150 C and thermo-oxidative stability 
coefficient. 
 
Figure 2. Dependences of optical density (a) and thermal-oxidative stability coefficient (b) 
on the test temperature with cyclic change from 150 to 180 C of Chevron Supreme 10W-40 
SJ / CF synthetic engine oil: odd numbers - temperature increase cycles; even numbers - 
lowering cycles. 
The test time at each temperature was 8 hours. According to the data, the test oil passed 176 hours 
of testing, with an optical density of 0.563, and a coefficient of thermo-oxidative stability of 0.796, the 
number of cycles of temperature increase was 4 cycles and 3 cycles of lowering the test temperature. It 
was established that at a temperature of 180 C the greatest changes in optical density and coefficient 
of thermal-oxidative stability occur. The dependences (figure 2) show that the oxidation processes 
begin after 160 °C, and the greatest change in optical density occurs in the fifth cycle of the 
temperature increase of the test during the formation of secondary products more opaque. 
Figure 3 shows the dependence of optical density and thermal-oxidative stability coefficient on the 
temperature test of a synthetic engine oil Bizol 0W-40 SJ / CF.  
 
Figure 3. Dependences of optical density (a) and thermo-oxidative stability coefficient (b) 
on the test temperature with cyclic change from 150 to 180 C of synthetic engine oil Bizol 
0W-40 SJ / CF: odd digits - temperature increase cycles; even numbers - lowering cycles. 
This oil has withstood 20 hours of testing, four cycles of increasing the temperature of the test from 
150 to 180 C and four cycles of lowering the temperature from 180 to 150 C. It has been established 
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that in the sixth and seventh cycles, oxidation processes are significantly slowed down, which was not 
observed in partially synthetic engine oil. Oxidation processes begin at a temperature of 160 C, and 
the greatest increase in optical density and coefficient of thermal oxidative stability is established at a 
temperature of 180 C. In addition, an abnormal increase in optical density is established at a 
temperature of 160 C in the eighth cycle of temperature decrease, which can be explained by auto-
oxidation processes. Below are the results of the study of transmission oils on thermal-oxidative 
stability with cyclical temperature changes. 
Figure 4 shows the dependences of optical density and thermal-oxidative stability coefficient on the 
temperature test of Bizol 80W-90 GL-4 mineral transmission oil. The oil with stood 128 hours, three 
cycles of increasing the test temperature from 120 to 150 С and two cycles of lowering the 
temperature from 150 to 120 °C, while the optical density was 0.62, and the coefficient of thermal-
oxidative stability was 0.667. It was established that the oxidation processes began at a temperature of 
140 °C, and in the fourth cycle of lowering the temperature, the formation of optically opaque 
oxidation products began, which caused a significant increase in optical strength (curve 4). Oil 
evaporability occurs at a temperature of 130 °C (curve 1, figure 4 (b). The mineral oil classification 
corresponds to GL-4, i.e. temperature of 140 °C, which is the limit. 
 
Figure 4. Dependences of optical density (a) and thermal-oxidative stability coefficient 
(b) on the temperature test of Bizol 80W-90 GL-4 mineral transmission oil: odd numbers 
- temperature increase cycles; even numbers - lowering cycles. 
 
Figure 5. Dependences of optical density (a) and thermo-oxidative stability coefficient (b) 
on the temperature of the test of Bizol Hypoid 75W-90 GL-4, GL-5 partially synthetic 
transmission oil: odd numbers - temperature increase cycles; even numbers - cycles of 
lowering the test temperature. 
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Figure 5 presents the dependences of optical density and thermal-oxidative stability coefficient on 
the temperature of the test of partially synthetic Bizol 75W-90 GL-4, GL-5 transmission oil. This oil 
withstood 152 hours of testing, three cycles of temperature increase from 120 to 150 °C and three 
cycles of temperature decrease from 150 to 120 °C. 
The oxidation processes began at a temperature of 130 °C, and evaporation was below 120 °C 
(curve 1, figure 5 (b). Unlike mineral oil in partially synthetic oil there is no cycle of lowering the 
temperature, in which there is a sharp increase in optical density. The disadvantages of a partially 
synthetic oil include a low evaporation temperature, after 152 hours of evaporation, the optical density 
of the oil under study was 0.543, and the coefficient of thermo-oxidative stability is 0.663, that is, the 
synthetic oil life is longer. 
3. Conclusions  
Based on the above studies, it was shown that the test method for lubricating oils during cyclic 
measurement of the test temperature allows to establish the temperature scope of the test oil, compare 
oils of a single purpose by the number of cycles of increase and decrease of the test temperature, and 
identify them for compliance with the classification according to performance properties. 
References 
[1] 1979 GOST 11063–77 Oils with additives. Method of determining stability by the inductive 
period of sedimentation  
[2] 1980 GOST 23175-78 Motor oils. Method for the assessment of motor properties and the 
determination of thermal-oxidative stability  
[3] Kovalsky B I, Vasiliev S I and Yanayev E Yu 2003 Method for determination of thermo-
oxidative stability of lubricants RF Patent 2.219.530.20  
[4] Kovalsky B I, Vasilyev S I, Bezborodov Yu N and Badin A A 2005 Method for determination 
of thermo-oxidative stability of lubricants RF Patent 2.246.971 
[5] Kovalsky B I, Vasilyev S I, Bezborodov Yu N and Gavrilov V V 2006 Method for 
determination of thermo-oxidative stability of lubricants RF Patent 2.274.850 
[6] Bezborodov Yu N 2004 Development of a test method for transmission oils to establish a group 
of performance properties \(Krasnoyarsk: Kras. State Tech. University) p 20 
[7] Nepogodiev A V 1997 The mechanism of oil oxidation in piston engines Chemistry and 
technology of fuels and oils 4 34-8 
[8] Matveyevsky R M 1971 Temperature resistance of boundary lubricating layers and solid 
lubricating coatings during friction of metals and alloys (Moscow: Nayka) p 227  
[9] Kostetsky B I 1970 Friction, lubrication and wear in machines  (Kiev: Technique) p 396 
[10] Kovalsky B I, Danilenko V S, Malysheva N N and Bezborodov Yu N 2008 Method for 
determination of thermo-oxidative stability of lubricants RF Patent 2.318.206 
[11] Danilenko V S, Kovalsky B I, Bezborodov Yu N, Malysheva N N and Vishnevskaya E A 2009 
Method of thermal-oxidative stability of lubricants assessment Vestnik of the Siberian State 
Aerospace University. Academician M.F. Reshetnev 1-2(22) 90–2 
[12] Danilenko V S, Kovalsky B I, Vishnevskaya E A, Bezborodov Yu N and Ananyin N N 2009 
Research method for thermal-oxidative stability of motor oils under testing temperature 
cycling Vestnik of the Siberian State Aerospace University. Academician M.F. Reshetnev 1–
2(22) 93–96 
[13] Kowalski B I 2005 Methods and means of improving the effectiveness of use of lubricants 
(Novosibirsk: Nayka) p 341 
[14] Kowalski B I, Bezborodov Yu N and Lysyannikova N N 2011 Controls lubricants for machines 
and mechanisms of varying degrees of loading (Krasnoyarsk: Siberian Federal University)  
[15] Malysheva N N, Kravtsova E G and Kowalsky B I 2014 Method for determining the quality of 
lubricating oils  RF Patent 2.528.083 
